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Radiological changes of renal papillary necrosis
NILs LINDVALL
Department of Diagnostic Radiology, Karolinska Sjukhuset, Stockholm, Sweden
Necrosis of the renal papilae was first described
by von Friedreich [1] in 1877, and the radiologic
appearances were first described by Praetorius [2] in
1937. Further radiologic details were published by
GUnther [3, 4], Lagergren and Lindvall [5], Lindvall
[6], and Hare and Poynter [7].
Necrosis of a papilla will first result in a local
disturbance in function and a swelling of the papilla,
which later shrinks irregularly. The fornices of the
calyx become widened. The necrotic papila may
then either be detached, and a cavity is formed, or
the papilla may remain attached (in situ). In the latter
case, calcium deposits may occur in the necrotic
portion. When detached, the necrotic tissue may
either remain in the cavity, shrink and be absorbed,
or it may be passed in the urine, whole or in frag-
ments. Sometimes the necrotic tissue may form the
nucleus of a calculus. The necrotic changes never
encroach upon the cortex or the columns of Bertin.
GUnther [4] differentiated between two types of
necrosis with detachment: the papillary form, where
the whole papilla or a greater part of the medulla was
necrotized, and the medullary form, where only the
central part of the papila was necrotized. As these
names indicate different degrees of necrosis, and are
confusing, Hare and Poynter [7] suggested a more
appropriate nomenclature: total papillary necrosis
(TPN) instead of papillary necrosis (Fig. 1), and
partial papillary necrosis (PPN) instead of medullary
necrosis (Fig. 2). They also suggested the name
necrosis in situ (NIS) for those instances where there
is no detachment of the necrotic papilla (Fig. 3). As
this nomenclature is more adequate than that of
GUnther [4], I will use it here.
Radiologic changes
Total papillary necrosis (TPN) and partial papil-
lary necrosis (PPN). The radiologic changes, possi-
bly apart from NIS, will be independent of the etiolo-
gy (Fig. 2). In TPN and PPN, the whole course of
events will be reflected radiologically if urography
(i.v.) is used instead of pyelography (retrograde).
93
The first stage will be a reduced contrast density or
no contrast filling at all in the actual minor calyx (Fig.
4) because of the disturbed function. The swelling of
the papila and subsequent shrinkage with irregular
contours may be revealed, and also the widening of
the fomices (Fig. 5). The incipient detachment is
manifested by contrast penetrating into the paren-
chyma, in TPN from the fornix (Fig. 6) and in PPN
from the tip of the papila (Fig. 7). After the detach-
ment of the necrotic papilla, the typical ring-shad-
ow, caused by the detached papilla lying in the
contrast-filled cavity, is seen in TPN (Fig. 8). This
ring-shadow has most often a triangular appear-
ance (Fig. 6), but it is sometimes more irregular
because of more than one pyramid forming the papil-
lary tip (Fig. 9). The ring-shadow is seldom seen in
PPN. After the sloughed necrotic tissue has disap-
peared, a typical empty cavity is formed, both in
TPN (Fig. 1) and PPN (Fig. 2). In PPN, there will be
only one cavity in each pyramid; but as two or more
pyramids often unite to form one papilla, two or even
three PPN cavities may be found associated with a
minor calyx (Fig. 10).
As the necrotizing process may proceed, especial-
ly if the etiologic factors are not removed, the cavi-
ties may enlarge, and a typical PPN cavity may
change to a typical TPN cavity (Fig. 4), and a rather
small TPN cavity may become larger. As described
above, there is no basic difference between TPN and
PPN, but the radiologist should recognize the differ-
ent appearances of the cavities. As the kidney
shrinks, the cavities can also shrink.
In TPN and also in PPN, the detached necrotic
papillary tissue may form the nucleus of a calculus.
Such calculi will have, especially in TPN, a very
characteristic appearance, showing a radiopaque
shell around a radiolucent center (Figs. 8 and 9).
Small calculi seen in PPN are often atypical, even if
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Fig. 1. Urographic findings in woman with migraine, analgesic abuse, and urinary tract infection: a) Normal findings initially. b) Three
years later. There is total papillary necrosis (TPN) in all papilae—contrast density is slightly reduced, and the kidney size is unchanged.
(Reprinted with permission from Acta Radiologica [61.)
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Fig. 2. Urography showing partial papillary necrosis (PPN) in most papillae: a) Woman with analgesic abuse but without symptoms from
the urinary tract. b) Woman with diabetes and recurrent urinary tract infection. (Reprinted with permission from Acta Radiologica [61.)
they have a stroma of necrotic papillary tissue. Cal-
culi built up on a necrotic nondetached papilla do not
have a typical radiologic appearance (Fig. 11). Some-
times, a typical calculus in papillary necrosis may
grow and form a coral calculus; then the typical
appearance will be lost. Formation of calculi in
TPN and PPN is most common in connection with
infection with Proteus organisms. That the necrotic
tissue does constitute the nucleus of these calculi
has been verified by microradiographic examina-
tions [5] (Figs. 9 and 11).
In the course of a renal colic in the presence of
papillary necrosis, it is sometimes possible to find
contrast accumulation in the kidney at urography. It
may occur when a sloughed papilla obstructs the
ureter, but it is said also to happen when all the
papillae become necrotic simultaneously. Most often
this contrast accumulation is rather slight and not as
dense as in ureteric colic, due to other forms of
obstruction,
Necrosis in situ (NIS). The radiologic appearance
in NIS, which differs somewhat from those
described in TPN and PPN, is described in detail by
Hare and Poynter [71. In this type, there will be no
detachment of the necrotic tissue, which remains "in
situ." The first stages described in TPN and PPN, as
reduced contrast density, swelling, and shrinkage of
the papilla, and widening of the fornices, are also
found in the NIS. In the necrotic papillae, there will
often be calcification, and even ossification is noted
[81. The only typical features of this type of renal
papillary necrosis are the calcifications (Fig. 3). If
none of the papillae in the kidney have TPN or PPN,
the radiologic diagnosis in NIS without calcification
bI
a,
96 Lindvall
Fig. 3. Urographic findings in analgesic abuse: a) Woman with analgesic abuse. To the left,
findings are normal. To the right, eight years later, there are small PPN cavities, some with
atypical calculi, and necrosis in situ (NIS) with calcifications. The kidney has shrunk and
the contrast density is reduced. (Reprinted with permission from Acta Radiologica [6].)
b) Man with analgesic abuse. Small kidneys with heavily reduced contrast density are shown.
There is NIS with calcifications.
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Fig. 4. Urographic findings in woman with analgesic abuse: a) Ring-shadows in uppermost papillae. Lowermost, the medial minor calyx is
not contrast-filled. b) One year later. There is one small PPN in lowermost, lateral papila and TPN in the earlier not contrast-filled medial
minor calyx. c) One and a half year later. The small PPN has changed to TPN. There is TPN in the other papillae too. (Reprinted with
permission from Acta Radiologica [61.)
Fig. S. Urographic findings in woman with analgesic abuse: a) Normalfindings. b) Ten months later. The uppermost papilla is somewhat
irregular at its tip and the fomices around the papila are wider than the other in the same kidney. c) Small PPN in uppermost papilla. TPN is
in lower pole. (Reprinted with permission from Ada Radiologica [6].)
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Fig. 6. Urographic findings in woman with analgesic abuse: a) Normalfindings. b) Eight months later. There is an incipient detachment of
the uppermost papilla starting from the calyceal fornix. c) Two months later. There is complete detachment of uppermost papilla, showing
typical triangular ring-shadow. (Reprinted with permission from Acta Radiologica [61.)
Fig. 7. Urographic findings in woman with analgesic abuse: a) Normal findings initially. b) Two months later. There is an incipient
detachment of PPM type. c) Further 2 months later. Large PPN cavity has formed. (Reprinted with permission from Ada Radiologica [61.)
may be difficult or impossible. There may be TPN
and PPN and NIS in the same kidney (Figs. 5 and
13).
Size of kidney in papillary necrosis. The size of the
kidney will change in different phases of renal papil-
lary necrosis. In renal colic, there may be a swelling
of the kidney, which will retain its normal size after
the acute attack is gone. Mostly, the kidney will
shrink (Fig. 12), but it might keep an almost normal
size for many years (Fig. 13). There will be a slight
thinning of the cortex, but if there is no complicating
pyelonephritis the shrinkage will not be as great as in
chronic pyelonephritis. The outline of the kidney in
such cases is not more than slightly irregular; the
outline is rather distinct (Fig. 13). Hare and Poynter
[71 have described that there is sometimes a swelling
of the columns of Bertin; however, sometimes there
is a shrinkage of this part of the kidney too.
Kidney function. Kidney function as judged by
urography varies. In renal colic the function will
deteriorate, but after the attack is over the urograph-
ic function may return to normal again. If the etio-
logic factors are removed and the complicating pye-
lonephritis is treated, the kidney can retain an almost
normal urographic function for many years, even if
all the papillae are detached (Figs. 1 and 13). In other
cases, the function in the later stages may be so poor
that pyelography, instead of urography, is necessary
to demonstrate the anatomic changes.
Changes in the ureter and the bladder. Those seen
b C
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Fig. 8. Urographic findings in man with analgesic abuse: a) Normal findings initially. b) Contrast density slightly reduced. Kidney size is
normal. TPN with ring-shadows is present in all papillae. c) Plain film. The detached papilae have been calcified and form typical TPN-
calculi. (Reprinted with permission from Acta Radiologica [6].)
Fig. 9. Urographic findings in woman with analgesic abase: a) Incipient detachment in central papilla. b) One year later. Note the typical
irregular TPN ring-shadows and one empty TPN cavity. c) Plain film. Calcification of detached papilae occurred when the E. coli infection
was replaced by Proteus infection. d) Microradiography of two of these calculi. [Shown on next page.] This shows them to be formed
around detached necrotic papillae. (Reprinted with permission from Acta Radiologica [6].)
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Fig. 94 (Cont'd from preceding page). This shows calculi to be formed around detached necrotic papilae.
Fig. 10. Urographic findings in woman with analgesic abuse: a)
Normalfindings initially. b) Two and a half months later. Shown
are two PPN cavities at the uppermost minor calyx. (Reprinted
with permission from Ada Radiologica [61.)
are due to the complicating infection and the analge-
sic abuse. The infection of the urinary tract may,
rarely, cause ureteritis, and in such cases strictures
may occur. The changes in the bladder are the same
as those seen in ordinary urinary tract infection.
During a typical attack of renal colic in renal papil-
lary necrosis, it is common to find a contraction of
the bladder on the same side as the renal colic.
The complications caused by the abuse of analge-
sics containing phenacetin are transitional cell carci-
nomas in the renal pelvis or the bladder [9, 101. The
radiologic appearance of these carcinomas are the
same as in patients without analgesic abuse. The
renal pelvis carcinoma may easily be missed, as in
these cases the kidney function often has deteriorat-
ed too much for using urography.
Differential diagnosis
When the typical cavities of TPN and PPN have
formed, there will be no diagnostic problems. The
appearance of the cavities is unlike those seen in
b
Renal papillary necrosis: Radiologic changes 101
Fig. 11. Urographic findings in woman with analgesic abuse: a)
Normal findings initially. b) 11 months later. Contrast density is
appreciably reduced. There are PPN cavities and NIS in upper-
most papilla. c) Calculi built up on NIS papilla. d)Microra-
diography showing the concretion to have been built on a not
detached necrotic papilla with calcf1cations. (Reprinted with per-
mission from Acta Radiologica [6].)
tuberculosis or medullary sponge kidney. Pyelogenic
cysts nearly always communicate with the minor
calyx at the fornix, but it can communicate with the
minor calyx near the tip of the papila. In such a case,
it can be hard to differentiate it from PPN with only
one cavity; however, the further course of the dis-
ease will reveal its true nature.
The so-called back pressure atrophy may, espe-
cially if the kidney is shrunken, simulate TPN. Von
Friedreich [1] pointed out that the back pressure
atrophy probably sometimes was no real atrophy but
a healing stage after papillary necrosis.
The only type of calculi that can simulate those in
TPN are the "coagulate" calculi. The nephrocalci-
nosis seen in NIS is nonspecific, and it is not possible
to radiologically differentiate it from other types
of nephrocalcinosis, for example, in hyper-
parathyroidism.
In short: the radiologic appearances in TPN and
PPN are virtually always highly characteristic, and
difficulties in differential diagnosis are rare unless
marked shrinkage or hydronephrosis is present.
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Fig. 12. Urographic findings in woman with analgesic abase: a) Contrast density moderately
reduced. There are no cavities, but there is probably shrinkage of uppermost papila. 14 One
year later. There is marked contraction and PPN-cavities in all papillae. (Reprinted with
pemlission from Acta Radialogica [61.)
In NIS, the differential diagnostic problems are
greater and, as pointed out by Hare and Poynter [7],
unless there is calcification, the radiologic diagnosis
may be impossible.
Discussion
Urography (i.v.) and not pyelography should be
used, if possible, to study the kidney in suspected
renal papillary necrosis. With urography, it is possi-
ble to study even the early changes, such as reduced
function and incipient detachment. In the acute
phase or in the later stages with shrinkage of the
kidney and markedly depressed function, pyelogra-
phy may be necessary. In the rare cases with ureteral
strictures, kidney puncture and anterograde pyelog-
raphy may be necessary.
When using urography, it is important to thor-
oughly study the films taken before and after the
application of the ureteral compression, as small
PPN cavities can be difficult to detect owing to the
dilatation of the calyceal fornices. Even a small
detached papilla may be obscured by the dense con-
trast material after application of the ureteral
compression. Serial examinations and comparison
with earlier examinations are of great value to detect
the early radiologic changes in renal papillary necro-
sis (Fig. 14).
The period during which the necrosis of type TPN
or PPN develops may vary widely, from exceptional
instances in which all the papillae are involved simul-
taneously (Fig. 1) to a slowly progressive process
involving one papilla after another over a very long
Fig. 13. Urographic findings in woman with analgesic abase: a) Normal findings initially. b) lEN and PEN in most papillae. There is
probably NIS in the others. The uppermost papilla left kidney is shrunken. c) (see p. 104) After 11 years withont analgesics. There is
moderate shrinkage of the kidneys. Outlines are still distinct; otherwise, the appearance is the same.
b
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Fig. 14. Urographicfindings in woman with analgesic abuse: a) Norma/findings initially. b)
Three years later. One PPN has appeared in the uppermost papilla. The diagnosis of renal
papillary necrosis would be difficult without comparison with the earlier normal urogram.
(Reprinted with permission from Acta Radiologica [61.)
a b
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Fig. 15. Urographic findings in woman with recurrent urinary tract infection, analgesic abuse
denied: a)PPN in uppermost and undermost papilla. b)21 years later. One large PPN cavity
has developed latemlly in the upper calyceal group and one medially in the lower group.
(Reprinted with permission from Acta Radiologica [6].)
period (Fig. 15). If the etiology is analgesic abuse, all
papillae should be affected at the same time, accord-
ing to Hare and Poynter [7]. I have seen cases,
however, with radiologically quite normal papillae
together with typical TPN or PPN changes, which
were followed for more than 10 years. Perhaps the
necrotic changes in those papillae are so small that
they do not show up at radiography. In analgesic
abuse, although there is bilateral renal papillary
necrosis, the radiologically demonstrable changes
may not always appear in both kidneys simultane-
ously. In exceptional cases, the typical changes may
appear in the kidneys with a time-lag of two to three
years. Unilateral renal papillary necrosis in analgesic
abuse may occur only if it is favored by local predis-
posing conditions, such as unilateral urinary ob-
struction or unilateral medullary sponge kidney.
One thing to keep in mind concerning the radiolog-
ic appearances is that the clinical signs and symp-
toms from the urinary tract do not correlate with the
type of radiologic changes, and that the clinical
course never indicates the distribution of the lesions
in renal papillary necrosis, nor does it afford infor-
mation frequently as to their presence or absence
(Figs. 2, 12, 13, 15).
Summary
The radiological changes of renal papillary necro-
sis are independent of its etiology. If total papillary
necrosis (TPN) or partial papillary necrosis (PPN) is
present, radiological findings are diagnostic. Where-
as, if the necrotic papillae remain in situ (NIS) none
of the typical radiologic features of papillary necrosis
are seen. Serial radiologic studies are useful in renal
papillary necrosis. Extension of papillary or medul-
lary cavities, shrinkage of the kidney, and calcifica-
tion thereby may be noted. Radiologic changes in-
volving the ureter and bladder are those of compli-
cations such as ureteritis or development of a transi-
tional cell carcinoma. The latter most often appears
in the renal pelvis.
Reprint requests to Dr. N. Lindvall, Department of Diagnostic
Radiology, Karolinska Sjukhuset, Stockholm, Sweden.
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